Advantages/Disadvantages/Limitations of Chemotaxis Assays for Campylobacter spp. | Encyclopedia.pub

Advantages/Disadvantages/Limitations of
Chemotaxis Assays for Campylobacter spp.

Subjects: Biology | Biotechnology & Applied Microbiology
Contributor: Bassam Elgamoudi

Chemotaxis directed motility of intestinal bacteria such as Campylobacter jejuni could enable the cells to move
toward favourable conditions and away from hazardous ones. Reproducible qualitative and quantitative
assessment of bacterial chemotactic motility, particularly in response to chemorepellent effectors, is experimentally
challenging. Several established chemotaxis assays currently used to investigate Campylobacter jejuni chemotaxis
are compared, with the aim of improving the correlation between different studies and establishing the best

practices.

chemotaxis Campylobacter jejuni chemoeffector screening chemotaxis assays

| 1. Introduction

Chemotaxis directed maotility of intestinal bacteria such as Campylobacter jejuni enables the cells to move toward
favourable conditions and away from hazardous ones and has been shown to be involved in colonisation and
disease WIZEBIMBEIE A number of assays have been developed to investigate bacterial chemotaxis B including
the capillary and hard plug agar assays (HAP), which are extensively used to study bacterial chemotactic
responses to chemoeffectors LI However, in many cases, the results of different studies lack consistency
(particularly when applied to campylobacters) and reproducibility, in addition, they demonstrate excessive
experimental variation, unsuitability for studying chemorepellents, and false positive responses [12/13][14][15][16][17]
Moreover, the measurements of migration by chemotaxis assays can be complicated due to the metabolic
consumption of chemoeffectors, which may create a secondary gradient that the cells can sense. In order to
circumvent these limitations, alternative chemotaxis assays have been developed to investigate the chemotactic
behavior of Campylobacter spp., including a nutrient-depletion assay, t-HAP assay, tube-based assay, and p-slide

chemotaxis chamber.

| 2. Agar Plug-Based Assays

Agar plug-based assays were initially introduced for studying chemotaxis of Escherichia coli 1819 |n these
assays, a plug of hard agar containing an attractant, or a repellent is placed in a petri dish containing soft agar, at a
low enough concentration so that the bacteria can swim, mixed with bacterial cells concentrated enough to be

visibly turbid. This assay has been widely adapted and used for other bacteria such as Shewanella oneidensis,
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Helicobacter pylori 29, and Pseudomonas spp. [21. The advantage of this assay is that it is easy to set up, and a

response can usually be seen by eye in about 30 min.

2.1. Hard Plug Agar Assay (HAP)

The hard agar plug (HAP) assay, as described by Hugdahl et al. (18], has been extensively used to study changes
in campylobacterial chemotactic motility. This is a simple assay where plugs of agar, containing chemoeffectors,
are placed in semisolid agar (0.35% agar) containing a dense suspension of bacterial cells (~10° cfu/mL). Cells
swim in the soft agar through the concentration gradient toward a chemoeffector in the HAP. A visually observable
cloudy zone condenses around the HAP if it contains an attractant (positive chemotaxis), or a zone clearing
appears around the HAP if contains a repellent (negative chemotaxis). For quantitation, cloudy zones of bacterial
cell accumulation around a plug or zones of bacterial clearing, are measured by a ruler from the edge of the plug to
the edge of the zone and compared to the control plug. However, the catabolised ligands and their metabolic
products could interfere with the accurate measurement of the chemoresponses, as the accumulation of bacterial
cells around plugs containing such chemoattractant could create a secondary gradient that the bacteria can sense.
For example, catabolised ligand L-serine can be used as a carbon and energy source by C. jejuni 22123l Serine is
converted to pyruvate which is also a chemoattractant for C. jejuni 2423 and induces bacterial growth. In addition,
the measurement of the extent of the dense or cleared zones around the HAPs is dependent on the judgement of

the operator and can vary from assay to assay and study to study.

While technically undemanding, most HAP-based assays do have a range of limitations and disadvantages,
described in Table 1, as in both qualitative and quantitative form, these assays rarely produce results in a

consistent and reproducible manner [221[26],

Table 1. Advantages and disadvantages of common chemotaxis assays. M- Molar, mM- Millimolar.

Detection Molar

Method Time Concentration Advantages Disadvantages References
Agar-based assays
-Easy to prepare.
-Gives quantitative -Chemorepellent
Hard-plug data. taxis are difficult to
agar assay 3h 10-100 mM -Requires minimal observe. [16]
(HAP assay) equipment. -False positive
-Strains can be results are possible.
compared directly.
Modified hard- 10 min 10-100 mM -Easy to prepare. -Chemorepellent [27]
plug agar to3h -Gives quantitative taxis are difficult to
assay (t-HAP data. observe.
assay) -Requires minimal
equipment.

-Strains can be
compared directly.
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Detection Molar .
Method Time Concentration Advantages Disadvantages References
-Differentiations
between catabolised
and non-catabolised
ligands are possible
-Gives quantitative
data.
-Easy to prepare. -Sensitive to any
-Requires minimal motions around the
depletion 3-6h 2-10 mM . o (28129]
S compared directly. conditions can be
y - chemorepellents taxis ~ monitored per assay.
can be quantitated. -Visual observation
-Gradients are created is difficult.
by diffusion, not
metabolism.
"Easy to prepare. -Not suitable for
Tube-based "Requires minimal studying
75h 1M equipment. =20l
assay ) chemorepellents.
-Strains can be . o
. -Semi-quantitative.
compared directly.
Capillary assay
-Gives quantitative -Not suitable for
data. .
. - studying
Capillar "Requires minimal chemorepellents
piary 1h 10-100 mM equipment. p. ' (21
assay . -One strain and
-Gradients are created i
e condition can be
by diffusion, not monitored per assa
metabolism. P Y
Chemotaxis chamber
-ldeal to study the
behaviour of a single
cell.
-Chemoresponses can -One strain and
p-slide be measured for a condition can be
chemotaxis 3h 5-10 mM group of cells or a monitored per assay. 32123)
chamber single cell. -Tracking system is

Clear visualisation of
cell migration.
-Gives quantitative
data.

relatively expensive.

esis.

2. Szymanski, C.M.; Nachmkin, I.; Blaser, M.J. Campylobacter, 3rd ed.; ASM Press: Washington,

DC, USA, 2007.

3. Szymanski, C.M.; King, M.; Haardt, M.; Armstrong, G.D. Campylobacter jejuni motility and
invasion of Caco-2 cells. Infect. Immun. 1995, 63, 4295-4300.

2.2. Tube-Based Chemotaxis Assays

https://encyclopedia.pub/entry/19251 3/7



Advantages/Disadvantages/Limitations of Chemotaxis Assays for Campylobacter spp. | Encyclopedia.pub

Thi€hasgpyC. wiskllefiyst. FdEamimdobactergajani €olaiza#on fof Mébaradterisinmted &nteréc Fosayyinfests
geresnyIL.oP0Q6s AN, i2&Ye 5@5tR) and cj1110c (cetZ) in C. jejuni. The assay was adapted by Dwivedi, et al. 34

B V5" R el ERF - BUEHS B. Lhe e fiated modaiation of Campylobacarisiint virlenee el

2 %I%ng{aoqé%bffﬂ?\%aiigiﬂgify and then overlaid with 1 mL of 0.4% PBS-agar. A filter paper soaked with
50 pL of a chemoeffector (i.e., L-fucose, L-serine) is placed on top of the agar and incubated under microaerobic

Snbfefdr THIKNGLO B Ak KARHRR ThidPReNBRRARRCIEeMIFSENIHECBMPHIORGEFIIRIEE a
cheAtst#agibGAlRIZAEOP-REIREMBRUSS MNP HARY T s HATB WRaAGRc i0lir38 96-BGA presence of
TERRE BBVt dheIE 9T e iarieRARTE drah BB ORIV BT o BTeaiinm bR £ B B pagieraHe clpve U B
of tﬁ@dgl’aq/dﬁmlé gffqr 3—4 h of additional incubation [20I85] The additional advantage of this assay is that the
bacteria accumulated in the top layer of the agar can be collected and quantitated by viable count allowing the
S0 Br Mok Qughne SRRRUIGHZRICR 90T SRR Bl ULIAPHONS: SRSMOIEX e UOUR G of
che%’lcgtrléb%l%ﬁg Xﬁd%‘ed %mn%lu@a %ﬁltlrlnn%tggu 8 ll%%e f%‘ ('!1?1 Fr%gr@%g?rp ggﬁenr -e-uer}iall}/é%%hgr%%v%nadnd can thus
affe%{ %%Cr%lesésldyerrnngﬂé o|1?E:%Se%ol}la%\{Ycchrtll(Vitl)\/lYTééﬁeAl).z%Z;cod?ltr%égb_e%g:rlﬁe even more difficult to design, as
Gffdientmetibeics RifEChthe oteeizseSp ity bactes ke N Y WeSAQgROLIG, differently.

@.ﬂﬁﬁ!ﬂ&%&pl@?ﬁiﬂsAIs’aWiegl N.R.; Benoit, R. Determining chemotactic responses by two

subsurface microaerophiles using a simplified capillary assay method. J. Microbiol. Methods
Thel 800IeB7BELHRO8ssay has been developed for the quantitative assessment of both chemoattractants and
chemorepellents 122381, Briefly, 0.5% agar (in H,O without any nutrients) is poyred intg a petri djsh and.plugs of 6
11. and%u, R The Transd\ﬁcer-ﬁkeggrgtelﬁs of ampy?/o%acter jzajurﬁ’l.%?‘u.lj %he%IS, mversfy gfc' _
mr‘r]_are removed .and then II’ED?SE% with 0.5% agar with 2mM of a chemoeffector. The plates are overlaid with

eicester, Leicester, U o _ _
0.1% agar in H,O and left for 2 h to allow for the diffusion of chemoeffectors to create a chemical gradient. C.

13jukl, cBlisLetoH 10D GIHMLP i @UD0HL SWackerial Bashehsibinar indaiarddMEiY taseepting ghemmadsd
incliiaiging 3ant bral ¢ ieRRsHe B ERMRYIQRACE el dal £ hereiaiinanfd fitNBE PN A BR R ria
assSOHRE FREPAR$ENOSQdBIm Hepxy rele add MR dV S RiPlpiRE 14 1B 0véBan®4uantitated by viable

19Uk JGE B8y WpHERME 'fentfy ReapdsHang "EMe Iidm& U BABRYSCFREE Drives Campylobacter
jejuni toward the Most Favorable Conditions for Growth. Appl. Environ. Microbiol. 2009, 75, 5308—

| 3:capillary Assays

LY A5 RS s s oS el 'l RVaiGrber WAISO 0y oleCstan @MY Riial e Uedd- Mia KK Yaost
comn G g R A ARl O G SRR R G DI OREAS O 1SERtRL QLR QPSS Ean be
miriﬂyz%id Mrprpéoéhgr%%%xési’sz%gﬁ%:?gd by measuring the number of bacterial cells entering a capillary

Iibb&akeda perDiRiba oLls Ol 46 orEsrwrdesr aaGaamgylobabeengefienic@y dopnieéim Tdaatbaflueheed pL
dispovalgio miofddipetan(EpitHefia Witb s amdrGoldnzetto ofdl. 2hend hick @ asiy G rs@stoabT eaciitiadect., and
sedrthaimiz006q, 714, iMFddin®RB a bacterial suspension. A spatial gradient is formed by the diffusion of the

VR A Ao A S s S e g o
enc1 is rokeaggé)’vggjai%sédliti%%%r?taining tryptone broth to be ready for a viable count. For positive chemotaxis,

mmun.
the number of cells accumulated inside a capillary containing attractant solution is measured. For negative

1heRitagBeh B Mikat, afittor Bates Adilar)asieale R ke AUtHBEUEEENS BEQSHHEHER 1B the cell numbers
accAUMREP AR 0] kRO MBS E DI ErniBK e L RGN Zstinan ANRR - dHIIGN SNHEFRIOl4QRD &Rd low
281-285.

https://encyclopedia.pub/entry/19251 4/7



Advantages/Disadvantages/Limitations of Chemotaxis Assays for Campylobacter spp. | Encyclopedia.pub

1@ pAadisipldinC henmoiaxisintiRaatecssn®eieoiceh 966 kBt 08-~ddber of modifications were introduced over
ﬂvq‘so, W.-W.; Adler, J. Negative Chemotaxis in Escherichia coli. J. Bacteriol. 1974, 118, 560-576.

200, chpioy AbaspiVaaskdyl. ha@tteraanmddifdd The enabiécatin-plumntiratteriahelmmeotanis alssagcisrial
cheproragontasefqoBitiveseppansash. BIIEIRESZ Ngtgs/B01€8 33nd7 Campylobacter spp. 2481 Briefly, C.

FLER NS, MAMERISLd R B2 R M il Dy, BB SR e SES F R AR B e @
cheﬁrbo:ﬂfegté)r adag_lprrated through a stainless-steel needle (0.25 mm diameter x 20 mm long) into a 1 mL
tuberculin syringe. A 100 yL of the bacterial suspension is then drawn into a 200 L disposable pipette tip, which is

2R efP8 &t aYBRYRHS. MhetBEE- Syl 3y3RIRT A MedWPRGidetE B HNEEN A-WayRIREHBE R We: faakRIs
imnefsedipfteute hdeeMetahplicand fiiese datar minaatsalr i Yk wanddniestingtate toward an
effcc@RHZEHUAR QRIS RASISIIR P BB PR E arBRYIRRAGIRE ISjWibRL@mmBiol. 2017, 15, €2001390.

23. Guccione, E.; Leon-Kempis, M.D.R.; Pearson, B.M.; Hitchin, E.; Mulholland, F.; Van Diemen,
I 4?.I\/S|Eid‘e¥Bm§ede&|mem0taxdis-(A|ss&yt growth of Campylobacter jejuni: Key roles
for aspartase (AspA) under microaerobic and oxygen-limited conditions and identification of AspB
Regerty 62y ctapash A Tcg PWHRGING | St R . RID IPIONEIR [FaPoREO8! glerpatigs tool to assess bacterial

motility and chemotaxis [441451[46] Thjs s stem allows for amore standardrsed approach to trackrng a group of cells

24. Lubke, A .- Lh Minatelli, S.; Rred |_ gert : Schober, |.; Sproer, C.; vermap , U
or a single’cell rough mlcroscop% ! tlme apse imageés measure many features of bacteri motlllty suc "as Cell
eftr

Zautner, A E.; Bogne w ar}1 ducer- Ilke oteln T 12 of Campylobacter jejuni is involved in
migration, velocity, navigational behavior.” A %2 examp IS an assa usmg an ad

me%luéamg%ep%yedpyruvat%gy € oet%)(()lt%leM% Ir%g%k))llol()%%%%mlsS 1s]frjéh as Archaeon Halobacterium
2&lidauneEsthierichareen A NMLHE rafd), Ml .pylog @HEBRITHSEN otapi s iiplE amp ynac i@vialips &ampldced on

eadwlisiob il al e b 20126 2nrddagditt. Agarose plugs are prepared in the middle of the two coverslips by

z%p?%“rr‘ﬁﬁ ghekh P RERITR Y MaKE? BOF AR BV 88”‘8‘#1”5';% O LRSI haetE AT AR =S
> H9 ITEREI I IR R FRIIB AR PPV TS inas o s pijr o coversios
as a stand The overnight cells are then pipetted between the mlcroscope slide and third glass coverslip and

ZdbdelgamadicBstoptt aHE Y nbMidPREQI . tkdNeW RO BFEAGR R diFiostialinmueb M RCERAR R Nhere the
chethRQEChEIRN B R CatRmiSrAiEhemAaTtRElaER AP YIRBastRRdaI W ke itiahiak dMained st
tesl@%lgbtr%lé@nggal%lrequires skill in assembly of the in-plug bridge. While not used to assess campylobacteria,

2Bispagied KRR S iR RIESE. KIS TRemOBCIR ARTIAViITUr 195 desaiadean T pndrsppSirated the cel
MIGERHRRTOUY dRIBADHMElin, 1.B.; Korolik, V. A direct-sensing galactose chemoreceptor recently

evolved in invasive strains of Campylobacter jejuni. Nat. Commun. 2016, 7, 13206.

19%&%0@%% of t:HAR, Nutrient-Depletionand p-Slide; ¢ .,

§Sﬁy0¢ﬂk V. Character-isation of a multi-ligand binding chemoreceptor CcmL (Tlp3) of

arose-in-plug bridge

Nutrrgnrpggp?t%%%t%rséa&y QIHRIﬁOaSnE E}tgl%% c Oe]r'r‘]‘rot%gs %]p%ggrs t2c>20ffer the most advantages for assessing both

Ahebwareakidrt; aNottiafndlepBlerhesspansas, Hete, StainkjtMivd-tint A. coamparietirén ptaiaish. published t-
HABS zymenskiefleidn laifid goskdinfliseysd& 68 eirataxisuasddnis flmHe uhatiomdricGaorility obacjejujejuni 68-
0, Mdlitd eyt 20h6nit0dytaatstERO 23, All three assays were in agreement in establishing the repertoire of

C_Lhegwgtr%r Aahekha g Cli]fmgeﬁe" ﬁ'ff)rTIBlna Mimbela, R.; Kassem, I.; Jeon, B.H.; Rajashekara, G.

Transducer like proteins of Campylobacter jejuni 81-176: Role in chemotaxis and colonization of

https://encyclopedia.pub/entry/19251 5/7



Advantages/Disadvantages/Limitations of Chemotaxis Assays for Campylobacter spp. | Encyclopedia.pub

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

the chicken gastrointestinal tract. Front. Cell. Infect. Microbiol. 2015, 5, 46.

Elgamoudi, B.; Ketley, J.M. Determination of the Chemotactic Behavior of Campylobacter jejuni
by using the p-Slide Chemotaxis. In User Protocols-Ibidi, 1st ed.; ibidi: Fitchburg, WI, USA, 2016;
Volume 1.

Elgamoudi, B.A.; Andrianova, E.P.; Shewell, L.K.; Day, C.J.; King, R.M.; Rahman, H.; Hartley-
Tassell, L.E.; Zhulin, 1.B.; Korolik, V. The Campylobacter jejuni chemoreceptor TIp10 has a
bimodal ligand-binding domain and specificity for multiple classes of chemoeffectors. Sci. Signal.
2021, 14.

Reuter, M.; van Vliet, A.H. Signal balancing by the CetABC and CetZ chemoreceptors controls
energy taxis in Campylobacter jejuni. PLoS ONE 2013, 8, €54390.

Brown, H.L.; Reuter, M.; Salt, L.J.; Cross, K.L.; Betts, R.P.; van Vliet, A.H.M. Chicken Juice
Enhances Surface Attachment and Biofilm Formation of Campylobacter jejuni. Appl. Environ.
Microbiol. 2014, 80, 7053-7060.

Korolik, V.; Ottemann, K.M. Two Spatial Chemotaxis Assays: The Nutrient-Depleted Chemotaxis
Assay and the Aga-rose-Plug-Bridge Assay. In Bacterial Chemosensing; Springer:
Berlin/Heidelberg, Germany, 2018; pp. 23-31.

Adler, J. A Method for Measuring Chemotaxis and Use of the Method to Determine Optimum
Conditions for Chemotaxis by Escherichia coli. J. Gen. Microbiol. 1973, 74, 77-91.

Bainer, R.; Park, H.; Cluzel, P. A high-throughput capillary assay for bacterial chemotaxis. J.
Microbiol. Methods 2003, 55, 315-3109.

Gordillo, F.; Chavez, F.P.; Jerez, C.A. Motility and chemotaxis of Pseudomonas sp. B4 towards
polychlorobiphenyls and chlorobenzoates. FEMS Microbiol. Ecol. 2007, 60, 322—-328.

Moulton, R.C.; Montie, T.C. Chemotaxis by Pseudomonas aeruginosa. J. Bacteriol. 1979, 137,
274-280.

Tumewu, S.A.; Matsui, H.; Yamamoto, M.; Noutoshi, Y.; Toyoda, K.; Ichinose, Y. Identification of
chemoreceptor proteins for amino acids involved in host plant infection in Pseudomonas syringae
pv. tabaci 6605. Microbiol. Res. 2021, 253, 126869.

Law, A.M.J.; Aitken, M.D. Continuous-Flow Capillary Assay for Measuring Bacterial Chemotaxis.
Appl. Environ. Microbiol. 2005, 71, 3137-3143.

Johnson, K.S.; Elgamoudi, B.A.; Jen, FE.-C.; Day, C.J.; Sweeney, E.G.; Pryce, M.L.; Guillemin,
K.; Haselhorst, T.; Korolik, V.; Ottemann, K.M. The dCache Chemoreceptor TIpA of Helicobacter
pylori Binds Multiple Attractant and Antagonistic Ligands via Distinct Sites. mBio 2021, 12, 01819—-
01821.

https://encyclopedia.pub/entry/19251 6/7



Advantages/Disadvantages/Limitations of Chemotaxis Assays for Campylobacter spp. | Encyclopedia.pub

44,

45.

46.

47.

48.

49.

Karim, Q.N.; Logan, R.P.; Puels, J.; Karnholz, A.; Worku, M.L. Measurement of motility of
Helicobacter pylori, Campylobacter jejuni, and Escherichia coli by real time computer tracking
using the Hobson BacTracker. J. Clin. Pathol. 1998, 51, 623—-628.

Grognot, M.; Taute, K.M. A multiscale 3D chemotaxis assay reveals bacterial navigation
mechanisms. Commun. Biol. 2021, 4, 1-8.

Staropoli, J.F.; Alon, U. Computerized Analysis of Chemotaxis at Different Stages of Bacterial
Growth. Biophys. J. 2000, 78, 513-519.

Yu, H.S.; Alam, M. An agarose-in-plug bridge method to study chemotaxis in the Archaeon
Halobacterium salinarum. FEMS Microbiol. Lett. 1997, 156, 265-269.

Boyeldieu, A.; Chaouche, A.A.; Méjean, V.; Jourlin-Castelli, C. Combining two optimized and
affordable methods to assign chemoreceptors to a specific signal. Anal. Biochem. 2021, 620,
114139.

Parales, R.E.; Ditty, J.L.; Harwood, C.S. Toluene-Degrading Bacteria Are Chemotactic towards
the Environmental Pollutants Benzene, Toluene, and Trichloroethylene. Appl. Environ. Microbiol.
2000, 66, 4098-4104.

Retrieved from https://encyclopedia.pub/entry/history/show/46058

https://encyclopedia.pub/entry/19251 717



